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Description 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a method for 
purifying the exhaust gas of a diesel engine. More spe- 
cifically, the present invention relates to a method for 
purifying the exhaust gas of a diesel engine which is ca- 
pable of removing both carbon particles and nitrogen ox- 
ide contained in the exhaust gas. 

2. Description of the Related Art 

[0002] A method for removing carbon particles (i.e., 
soot) from the exhaust gas of a diesel engine is dis- 
closed in, for example, Japanese Unexamined Patent 
Publication (Kokai) No. 1-318715. 
[0003] In the 715 publication, an oxidizing catalyst 
and a DPF (diesel particulate filter) are disposed in the 
exhaust gas passage of a diesel engine, from the up- 
stream side, in this order. The DPF is a filter for collecting 
and removing diesel particulates which mainly consist 
of carbon particles (i.e., soot) from the exhaust gas. In 
the 715 publication, NO (nitrogen monoxide) in the ex- 
haust gas of the diesel engine is oxidized by the oxidiz- 
ing catalyst and forms N0 2 (nitrogen dioxide) in the ex- 
haust gas. Therefore, exhaust gas containing N0 2 flows 
into the DPF. This N0 2 reacts with the carbon particles 
trapped in the DPF and, thereby, the carbon particles 
are burned and removed from the DPF. Therefore, the 
carbon particles are not accumulated in the DPF. 
[0004] Heretofore, it is considered that a temperature 
higher than a normal exhaust gas temperature is re- 
quired for burning the carbon particles trapped in the 
DPF. However, the method in the 71 5 publication makes 
it possible to bum the carbon particles in the DPF at a 
temperature available in the normal operation of the en- 
gine (for example, less than 300°C) by reacting N0 2 in 
the exhaust gas with the carbon particles in the DPF. 
Therefore, no heating means such as an electric heater 
is required for heating the DPF in order to initiate com- 
bustion of the carbon particles. Thus, according to the 
method in the 715 publication, the carbon particles can 
be removed from the exhaust gas by a simple device. 
[0005] However, though the method in the 715 pub- 
lication can remove the diesel particulates in the ex- 
haust gas, it cannot prevent nitrogen oxide in the ex- 
haust gas from being released into the atmosphere. 
[0006] In the method in the 715 publication, N0 2 in 
the exhaust gas burns the diesel particulates consisting 
of carbon particles by the reactions N0 2 + C -» NO + 
CO and, 2N0 2 + 2C N 2 + 2C0 2 . However, it was 
found that the reaction 2N0 2 + 2C -» N 2 + 2C0 2 hardly 
occurs at a relatively low temperature (such as an ex- 
haust gas temperature available in the normal operation 
of thediesel engine). Therefore, if the method in the 715 



publication is applied to a diesel engine, a major portion 
of N0 2 in the exhaust gas flowing into the DPF is con- 
verted to NO by the reaction N0 2 + C -> NO + CO and, 
thereby, the amount of NO in the exhaust gas released 

5 to the atmosphere increases. 

[0007] Further, since diesel fuel contains a relatively 
large amount of sulfur, S0 2 (Sulfur dioxide) is contained 
in the exhaust gas of a diesel engine. Therefore, if an 
oxidizing catalyst is used for oxidizing NO to N0 2 in the 

10 exhaust gas as in the method in the 715 publication, 
S0 2 in the exhaust gas is also oxidized by the oxidizing 
catalyst and forms sulfate (S0 3 ) in the exhaust gas. The 
sulfate in the exhaust gas is not collected by the DPF 
and is released to the atmosphere. Further, since sulfate 

*5 is detected as particulate matter, the amount of the die- 
sel particulates released to the atmosphere increases 
due to sulfate formed by the oxidizing catalyst if the 
method in the 715 publication is applied to the diesel 
engine. 

20 [0008] Further information relating to the prior art can 
be found in EP-A-0 664 147 which discloses a catalyst 
for purifying exhaust gases which aims to efficiently pu- 
rify NO x in exhaust gases in oxygen-rich atmospheres 
whose oxygen concentrations are more than required 

25 for oxidizing CO and HC, and to attain improved NO x 
purifying performance after being used for a long time. 
The catalyst comprises, being arranged in an order from 
the upstream to the downstream of exhaust gas flow, a 
first catalyst in which a noble metal catalyst is loaded on 

30 a porous acidic support, a second catalyst in which at 
least one kind of metal selected from the group consist- 
ing of alkali metals, alkaline-earth metals, and rare earth 
metals is loaded on a porous support, and a third cata- 
lyst in which a noble metal catalyst is loaded on a porous 

35 support. Since S0 2 is not adsorbed or oxidized by the 
first catalyst, S0 2 is discharged downstream from the 
second catalyst without generating sulfate. Therefore, 
since the NO x absorber is free from degradation even 
after used for a long time, the second catalyst maintains 

40 high NO x adsorbing performance on the fuel-lean side, 
and the third catalyst reduces NO x which are emitted 
from the second catalyst on the stoichiometric point or 
on the fuel-rich side. 

45 SUMMARY OF THE INVENTION 

[0009] In view of the problems in the related art as set 
forth above, the object of the present invention is to pro- 
vide a method for purifying the exhaust gas of a diesel 
so engine which is capable of easily removing the diesel 
particulates collected by the DPF without increasing the 
amounts of nitrogen oxide and sulfate released to the 
atmosphere. 

[0010] In accordance with the invention, the above 
55 object is achieved by the method for purifying the ex- 
haust gas of a combustion engine as defined in inde- 
pendent claim 1 as well as by the features of independ- 
ent claim 7 relating to a corresponding device. Preferred 
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embodiments of the invention are defined in the depend- 
ent claims. 

[001 1] According to the present invention, diese! par- 
ticulates in the exhaust gas of a dieset engine which is 
mainly consist of carbon particles is collected, for exam- s 
pie, by a DPF. Nitrogen dioxide formed by the oxidation 
of nitrogen monoxide reacts with the collected carbon 
particles, and the carbon particles are oxidized (i.e., 
burned) at a relatively low temperature. When nitrogen 
dioxide and the collected carbon particles react each 10 
other, carbon particles are oxidized to carbon monoxide 
or carbon dioxide and, at the same time, nitrogen diox- 
ide is reconverted to carbon monoxide and nitrogen 
monoxide, respectively. In this embodiment, this nitro- 
gen monoxide is removed from the exhaust gas in the is 
final step. Therefore, nitrogen monoxide is not released 
to the atmosphere. 

[001 2] According to one aspect of the present inven- 
tion, nitrogen monoxide generated by the reaction be- 
tween nitrogen dioxide and the carbon particles is col- 20 
lected by, for example, NO x absorbent which absorbs 
nitrogen oxide in the exhaust gas. Further, according to 
another aspect of the present invention, nitrogen mon- 
oxide generated by the reaction between nitrogen diox- 
ide and the carbon particles are reduced to nitrogen by, 25 
for example, an NO x reducing catalyst which has a ca- 
pability for selectively reducing nitrogen oxide in the ex- 
haust gas even in an oxidizing atmosphere. 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

[001 3] The present invention will be better understood 
from the description as set forth hereinafter, with refer- 
ence to the accompanying drawings in which: 

35 

Fig. 1 schematically illustrates an embodiment of a 
device for conducting the method in the present in- 
vention when applied to an automobile diesel en- 
gine; 

Fig. 2 is a flowchart illustrating a regenerating op- *o 
eration of the DPF and the NO x absorbent in the 
embodiment in Fig. 1; 

Fig. 3 is a flowchart illustrating a determination of 
conditions for carrying out the regenerating opera- 
tion in Fig. 2; 45 
Fig. 4 is a flowchart illustrating a setting operation 
of the values of counters used in the flowchart in 
Fig. 3; 

Fig. 5 is a timing diagram illustrating timing for re- 
generation of the DPF and the NOx absorbent; so 
Fig. 6 is a drawing similar to Fig. 1 which illustrates 
another embodiment of a device for conducting the 
method in the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 55 

[0014] Fig. 1 shows an embodiment of an exhaust gas 
purification device which utilizes the method of the 
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present invention. 

[0015] In Fig. preference numeral 1 designates a die- 
sel engine for an automobile. Though a multiple cylinder 
diesel engine is used in this embodiment, Fig. 1 shows 
one cylinder only. Numerals 2 and 3 designate an intake 
air passage and an exhaust gas passage, respectively. 
A fuel injection valve 4, which injects pressurized fuel 
into a combustion chamber, is provided on each of the 
cylinders. 

[0016] In this embodiment, an intake shutter valve 6 
is disposed in the intake air passage 2. The intake shut- 
ter valve 6 is a type, such as a butterfly valve, which 
generates low flow resistance when open, and is used 
for throttling the intake air passage 2 to reduce the 
amount of intake air during. the regenerating operation 
of the DPF. By reducing the amount of intake air, tem- 
perature of the exhaust gas becomes high, and com- 
bustion of the carbon particles in the DPF is facilitated. 
In Fig. 1, the numeral 6a is an actuator of appropriate 
type, such as a vacuum actuator or solenoid actuator, 
which opens and closes the intake shutter valve 6 in ac- 
cordance with a control signal supplied by a control cir- 
cuit 20. 

[0017] In the exhaust gas passage 3, an oxidizing cat- 
alyst 5 for oxidizing NO (nitrogen monoxide) in the ex- 
haust gas to N0 2 (nitrogen dioxide), a DPF (diesel par- 
ticulate filter) 7 for collecting the diesel particulates in 
the exhaust gas and an NO x absorbent 9 for collecting 
(absorbing) NO x (nitrogen oxide) in the exhaust gas are 
disposed in this order from the upstream end. The oxi- 
dizing catalyst 5, the DPF 7 and the NO x absorbent 9 
are explained later in detail. 

[0018] The control circuit 20 may consist of, for exam- 
ple, a microcomputer of a known type and comprises a 
CPU (a microprocessor) 21, a RAM (a random access 
memory) 22, a ROM (read-only memory) 23, an input 
port 24 and an output port 25 all connected each other 
by a bi-directional bus 26. The control circuit 20 per- 
forms the basic control of the engine 1 such as fuel in- 
jection control. In this embodiment, the control circuit 20 
further performs regeneration control of the DPF 7 and 
NO x absorbent 9. In this embodiment, as explained lat- 
er, an operation for burning the carbon particles (diesel 
particulate) collected in the DPF 7 is referred to as "a 
regeneration of the DPF", and an operation for causing 
NO x absorbent to release the absorbed NO x is referred 
to as "a regeneration of the NO x absorbent". 
[0019] In order to perform these types of control, an 
engine speed signal and an accelerator signal are sup- 
plied to the input port 24 of the control circuit 20 from 
the respective sensors not shown in the drawing. Fur- 
ther, the output port 25 is connected to the fuel injection 
valve 4 of the engine 1 and the actuator 6a of the intake 
shutter valve 6, respectively, via the respective drive cir- 
cuits not shown in the drawing, in order to control the 
amount and timing of fuel injection and the operation of 
the intake shutter valve 6. 

[0020] The oxidizing catalyst 5 uses, for example, a 
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honeycomb type substrate made of cordierite. On this 
substrate, an alumina layer which acts as a carrier of 
the catalytic components is applied. In this embodiment, 
catalytic components of precious metals such as plati- 
num (Pt) or palladium (Pd) are attached to the alumina 5 
earner. The oxidizing catalyst 5 oxidizes HC and CO in 
the exhaust gas when the air-fuel ratio of the exhaust 
gas is lean. Further, the oxidizing catalyst 5 oxidizes NO 
in the exhaust gas and converts it to N0 2 . In this em- 
bodiment, the term "air-fuel ratio of the exhaust gas" 10 
means a ratio of the amounts of air and fuel supplied to 
the engine and at portions upstream of a considered 
point in the exhaust system. Therefore, when no sec- 
ondary air or additional fuel are supplied to the exhaust 
passage, the air-fuel ratio of the exhaust gas agrees with '5 
an operating air-fuel ratio of the engine (i.e., an air-fuel 
ratio of the air-fuel mixture in the combustion chambers 
of the engine 1). 

[0021] Further, in this embodiment, an electric heater 
5a is disposed on an upstream side end of the oxidizing 20 
catalyst 5. The electric heater 5a is activated in a con- 
dition in which the exhaust gas temperature is low, such 
as at cold start of the engine, to heat the oxidizing cat- 
alyst 5 to the activating temperature of the catalyst. The 
activation of the electric heater 5a is controlled by a con- 25 
trol signal from the control circuit 20 supplied to a relay 
5b of the electric heater 5a. As explained later, the elec- 
tric heater 5a is also used in conjunction with the intake 
shutter valve 6 to raise the exhaust gas temperature 
when regenerating operation of the DPF 7 is conducted. 30 
[0022] DPF 7 is a honeycomb type porous filter made 
of, for example, cordierite. In the DPF 7, numerous ex- 
haust gas passages are formed in parallel. Approxi- 
mately half of the exhaust gas passages are plugged at 
the upstream ends thereof, and the rest of the passages 35 
are plugged at the downstream ends thereof. The ex- 
haust gas passages plugged at the upstream ends and 
the exhaust gas passages plugged at the downstream 
ends are disposed in the DPF 7 alternately. The exhaust 
gas of the engine flows into the DPF 7 through the pas- *o 
sages having open upstream ends, and flows into the 
exhaust gas passages having open downstream ends 
through porous walls separating the exhaust gas pas- 
sages from each other, and flows out from the DPF 7 
through the passages having open downstream ends. 45 
Therefore, particles such as the carbon particles are col- 
lected by the porous walls of the DPF 7. In this embod- 
iment, the carbon particles collected by the DPF 7 are 
burned by N0 2 in the exhaust gas as explained later. 
Therefore, to facilitate combustion of the collected car- 50 
bon particles, oxidizing catalyst such as platinum (Pt) is 
attached to alumina coating formed on the porous wall. 
[0023] The NO x absorbent 9 in this embodiment uses, 
for example, a honeycomb type substrate made of 
cordierite. On this substrate, an alumina layer which 55 
acts as a carrier of the catalytic components is applied. 
On this carrier, precious metals such as platinum (Pt) 
rhodium (Rh), and at least one substance selected from 
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alkali metals such as potassium (K), sodium (Na), lithi- 
um (Li) and cesium (Cs); alkali-earth metals such as bar- 
ium (Ba) and calcium (Ca); and rare-earth metals such 
as lanthanum (La) and yttrium (Y) is carried. The NO x 
absorbent 9 absorbs NO x (nitrogen oxide) in the ex- 
haust gas when the air-fuel ratio of the exhaust gas is 
lean, and releases the absorbed NO x when the oxygen 
concentration of the exhaust gas flowing the NO x ab- 
sorbent becomes lower. 

[0024] Though the mechanism of this absorbing and 
releasing operation of the NO x absorbent is not clear at 
present, it is thought that the absorbing and releasing 
operation is conducted by the following mechanism. 
Though the following mechanism of the absorbing and 
releasing operation of the NO x absorbent is explained 
for the case where platinum Pt and barium Ba are car- 
ried on the carrier, as an example, it is thought that a 
similar mechanism also applies even if other precious 
metal, alkali metals, alkali earth metals, or rare earth 
metals are used. 

[0025] Namely, when the concentration of 0 2 in the 
exhaust gas increases, i.e., exhaust gas becomes lean, 
the oxygen 0 2 in the exhaust gas is deposited on the 
surface of platinum Pt in the form of 0 2 ~ or O 2 *. The NO 
in the exhaust gas reacts with 0 2 " or O 2 * on the surface 
of the platinum Pt and becomes N0 2 by the reaction 
2NO + 0 2 -» 2N0 2 . Then, IM0 2 in the exhaust gas and 
the N0 2 produced on the platinum Pt are further oxi- 
dized on the surface of platinum Pt and absorbed into 
the NO x absorbent while bonding with the barium oxide 
BaO and diffusing in the absorbent in the form of nitric 
acid ions N0 3 ~. Thus, NO x in the exhaust gas is ab- 
sorbed by the NO x absorbent 9 when the air-fuel ratio 
of the exhaust gas is lean. 

[0026] On the other hand, when the oxygen concen- 
tration in the exhaust gas becomes low, i.e., when the 
air-fuel ratio of the exhaust gas becomes stoichiometric 
or rich, the production of N0 2 on the surface of the plat- 
inum Pt is lowered and the reaction proceeds in an in- 
verse direction (N0 3 * -» N0 2 ), and thus nitric acid ions 
NO3- in the absorbent are released in the form of N0 2 
from the NO x absorbent 9. 

[0027] In this case, if a reducing substance such as 
OO, or a substance such as HO and C0 2 exist in the 
exhaust gas, released NO x is reduced on the platinum 
Pt by these components. Namely, the NO x absorbent 9 
performs the absorbing and releasing operation of the 
NO x in the exhaust gas in which the NO x in the exhaust 
gas is absorbed by the NO x absorbent when the air-fuel 
ratio of the exhaust gas is lean and, released from the 
NO x absorbent and reduced to N 2 when the air-fuel ratio 
of the exhaust gas becomes stoichiometric or rich. 
[0028] Since a diesel engine is used in this embodi- 
ment, the air-fuel ratio of the exhaust gas in a normal 
operation is considerably lean compared to the stoichi- 
ometric air-fuel ratio (for example, an air-fuel ratio of 
about 30). Further, the exhaust gas at the outlet of a 
diesel engine contains a small amount of NO x (mainly 
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NO) and a relatively large amount of the diesel particu- 
lates (carbon particles). This exhaust gas is first sup- 
plied to the oxidizing catalyst 5, and NO in the exhaust 
gas is oxidized to N0 2 by the reaction 2NO + 0 2 -» 
2N0 2 . Thus, NO in the exhaust gas is converted to N0 2 5 
by the oxidizing catalyst 5. 

[0029] The exhaust gas containing N0 2 , then, flows 
into the DPF 7, where the carbon particles in the exhaust 
gas are collected by the DPF 7. A portion of the carbon 
particles collected by DPF 7 reacts with N0 2 in the ex- io 
haust gas, and generates NO and CO by the reaction 
N0 2 + C -» NO + CO as explained before. 
[0030] However, since the amount of NO emitted from 
the engine in the normal operation of the diesel engine 
is smaller compared to the amount of carbon particles, is 
and since the temperature of the exhaust gas in a nor- 
mal operation of the engine is low (for example, about 
200°C), the reaction N0 2 + C -» NO + CO is not very 
likely to occur in the normal operation of the engine. 
Therefore, collected carbon particles gradually accumu- 20 
late in the DPF 7. Further, the exhaust gas flowing out 
from the DPF 7 contains N0 2 which did not react with 
the carbon particles and NO generated by the above- 
explained reaction. 

[0031] This exhaust gas, then, flows into the NO x ab- 25 
sorbent 9. Since the air-fuel ratio of the exhaust gas of 
the diesel engine 1 is lean in the normal operation, NO 
and N0 2 in the exhaust gas are absorbed by the NO x 
absorbent 9 as explained before, and removed from the 
exhaust gas. Therefore, the exhaust gas flowing out 30 
from the NO x absorbent 9 is practically free from NO x 
and the carbon particles. 

[0032] Though the carbon particles and NO x are re- 
moved from the exhaust gas by the DPF 7 and NO x ab- 
sorbent 9, respectively, the carbon particles and NO x 35 
gradually accumulate in the DPF 7 and NO x absorbent 
9. When the carbon particles accumulate in the DPF 7, 
a pressure drop through the DPF 7 increases, and the 
engine output is lowered due to an increase in the ex- 
haust back pressure. Further, when an amount of NO x *o 
accumulates in the NO x absorbent 9, the capability of 
the NO x absorbent 9 for absorbing NO x in the exhaust 
gas becomes lower, and a portion of NO x in the exhaust 
gas is released to the atmosphere without being ab- 
sorbed by the NO x absorbent 9. 45 
[0033] In order to prevent these problems, the DPF 7 
and NO x absorbent 9 are regenerated periodically in 
this embodiment. In the regenerating operation of the 
DPF 7, the carbon particles accumulated in the DPF are 
burned, and removed from the DPF 7, thereby, the pres- so 
sure drop through the DPF 7 is reduced to a normal val- 
ue. In the regenerating operation of the NO x absorbent 
9, NO x absorbed by the NO x absorbent is released and, 
at the same time, reduced to N 2 , therefore, the NO x ab- 
sorbing capability is resumed. 55 
[0034] Next, the regenerating operations of the DPF 
7 and NO x absorbent 9 are explained. 
[0035] In this embodiment, the regeneration of the 
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NO x absorbent 9 is conducted by shifting the air-fuel 
ratio of the exhaust gas to a rich air-fuel ratio side com- 
pared to the stoichiometric air-fuel ratio for a short peri- 
od. When the air-fuel ratio of the exhaust gas becomes 
rich, the concentration of 0 2 in the exhaust gas be- 
comes lower, and the concentration of HC and CO in 
the exhaust gas becomes higher. Since the air-fuel ratio 
of the exhaust gas is rich, oxidation of HC and CO does 
not occur in the oxidizing catalyst 5. Therefore, most of 
HC and CO in the exhaust gas passes through the oxi- 
dizing catalyst 5 and the DPF 7, and the exhaust gas 
containing a relatively small amount of 0 2 and a rela- 
tively large amount of HC and CO flows into the NOx 
absorbent 9. When this exhaust gas flows into the NO x 
absorbent 9, NO x is released from the NO x absorbent 
9 and reduced by HC and CO in the exhaust gas, i.e., 
the NO x absorbent 9 is regenerated. 
[0036] In this embodiment, the air-fuel ratio of the ex- 
haust gas is enriched by injecting fuel from the fuel in- 
jection valve 4 two times in every cycle of each cylinder. 
In the normal operation of the engine, the fuel injection 
amount TAU is determined by the control circuit 20 in 
accordance with the accelerator signal (i.e., the amount 
of depression of the accelerator pedal) and the engine 
speed based on a predetermined relationship. This 
amount of fuel is injected into each cylinder at a later 
stage in the compression cycle. In the normal operation, 
the fuel injection amount TAU is determined so that the 
air-fuel ratio of the engine becomes considerably lean 
(about an air-fuel ratio of 30). It may be possible to make 
the engine operating air-fuel ratio rich by increasing the 
amount of fuel injected in the compression cycle. How- 
ever, if the amount of fuel injected in the compression 
cycle is increased, the engine output torque also in- 
creases by the amount corresponding to the increased 
fuel and, thereby, problems such as a torque shock or 
a reduction in the service lives of parts of the engine will 
occur. 

[0037] Therefore, in this embodiment, the engine op- 
erating air-fuel ratio is enriched by injecting fuel from the 
fuel injection valve 4 in the exhaust cycle of each cylin- 
der in addition to the normal fuel injection at a later stage 
of the compression cycle. When fuel is injected in the 
exhaust cycle, only a small amount of fuel is burned, 
and the engine output torque does not increase. Further, 
most of the injected fuel is vaporized in the cylinder and 
discharged from the engine with the exhaust gas. This 
fuel is decomposed by the oxidizing catalyst 5 and gen- 
erates a large amount of HC and CO in the exhaust gas. 
Therefore, since the exhaust gas flowing into the NO x 
absorbent 9 contains a large amount of HC and CO, and 
a small amount Of 0 2 , the NO x absorbent 9 is regener- 
ated in a short time. 

[0038] The amount of NO x released from the NO x ab- 
sorbent 9 becomes larger as the degree of richness of 
the exhaust gas becomes higher (i.e. , the air-fuel ratio 
of the exhaust gas becomes lower). Therefore, the time 
required for regenerating the NO x absorbent 9 becomes 
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shorter as the degree of richness of the exhaust gas be- 
comes higher. Further, the time required for regenerat- 
ing the NO x absorbent 9 becomes shorter as the 
amount of NO x absorbed in the NO x absorbent is small- 
er. Therefore, in this embodiment, the regenerating op- 5 
eration of the NOx absorbent 9 is conducted at intervals 
of between ten seconds to several minutes, and the air- 
fuel ratio of the exhaust gas is maintained at about 13 
(a rich air-fuel ratio) for about 0.5 seconds during the 
regenerating operation. 10 
[0039] Next, the regenerating operation of the DPF 7 
is explained. As explained before, the carbon particles 
collected in the DPF 7 are burned by reaction with the 
N0 2 in the exhaust gas in this embodiment. Further, NO 
generated by the reaction between the carbon particles is 
and N0 2 is absorbed by the NO x absorbent 9 disposed 
downstream of the DPF 7. Therefore, it is necessary that 
the air-fuel ratio of the exhaust gas during the regener- 
ating operation of the DPF 7 is lean. Further, it is pref- 
erable to maintain the exhaust gas at a high temperature 20 
in order to promote the combustion of the carbon parti- 
cles. Therefore, the additional fuel injection during the 
exhaust cycle is also performed during the regenerating 
operation of the DPF 7 in order to raise the exhaust gas 
temperature. The amount of fuel injected during the ex- 25 
haust cycle is determined so that the air-fuel ratio of the 
exhaust gas stays lean compared to the stoichiometric 
air-fuel ratio. As explained before, most of the fuel in- 
jected during the exhaust cycle is discharged from the 
cylinder without being burned, and this fuel is decom- 30 
posed (oxidized) by the oxidizing catalyst 5. Therefore, 
the exhaust gas is heated by the oxidation of the fuel. 
In this embodiment, in order to raise the exhaust gas 
temperature further, the intake shutter valve 6 is closed 
to a predetermined degree of opening and the electric 35 
heater 5a is activated during the regenerating operation 
of the DPF 7. Since the amount of intake air is reduced 
by the intake shutter valve 6, the temperature of the ex- 
haust gas of the engine becomes higher than the tem- 
perature in the normal operation of the engine. Further, *o 
since the exhaust gas is heated by the electric heater 
5a and the combustion of fuel on the oxidizing catalyst 
5, high temperature exhaust gas (for example, 400 to 
500°C) flows into the DPF 7. Therefore, the carbon par- 
ticles accumulated in the DPF 7 easily react with N0 2 45 
in the exhaust gas. Thus, the carbon particles in the DPF 
7 are burned and removed from the DPF 7. Further, 
since the air-fuel ratio of the exhaust gas passing 
through the DPF 7 is still lean, NO in the exhaust gas 
generated by the reaction between the carbon particles 50 
and N0 2 emitted from the diesel engine are absorbed 
by the NO x absorbent 9, and NO x (nitrogen oxide) is 
not released into the atmosphere during the regenerat- 
ing operation of the DPF 7. In this embodiment, the re- 
generating operation of the DPF 7 is conducted at inter- 55 
vals of between ten minutes to several hours. The re- 
generation of the DPF 7 is accomplished in several min- 
utes, and the air-fuel ratio of the exhaust gas is main- 
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tained at about 20 (a lean air-fuel ratio) during the re- 
generating operation. 

[0040] The regenerating operation of the NO x absorb- 
ent 9 is conducted at intervals of between ten seconds 
to several minutes as explained before. Therefore, the 
regenerating operation of the NO x absorbent 9 is also 
conducted during the regenerating operation of the DPF 
7. In this case, the amount of the fuel is increased so 
that the air-fuel ratio of the exhaust gas becomes rich 
(an air-fuel ratio of about 13) with the intake shutter 
valve 6 being closed. Therefore, when the regenerating 
operation of the NO x absorbent 9 is conducted during 
the regenerating operation of the DPF 7, the NO x ab- 
sorbent 9 is regenerated by the exhaust gas having a 
higher temperature than that during the normal regen- 
erating operation. The reason why the regenerating op- 
eration of the NO x absorbent 9 is performed even during 
the regenerating operation of the DPF 7 is explained 
hereinafter. 

[0041] The exhaust gas of the diesel engine 1 con- 
tains a relatively large amount of S0 2 (sulfur dioxide) 
generated by combustion of sulfur in diesel fuel. S0 2 in 
the exhaust gas is oxidized to S0 3 (sulfate) by the oxi- 
dizing catalyst 5 during the operation of the engine 1. 
S0 3 is not collected by the DPF 7 and is released to the 
atmosphere. Further, since S0 3 is detected as particu- 
late matter, if an oxidizing catalyst is disposed in the ex- 
haust gas passage of a diesel engine, the amount of the 
diesel particulates released to the atmosphere increas- 
es. 

[0042] However, in this embodiment, the NO x absorb- 
ent 9 is disposed in the exhaust gas passage down- 
stream of the DPF 7. S0 3 in the exhaust gas is also ab- 
sorbed by the NO x absorbent 9 by the mechanism same 
as the absorption of NO x , and held in the NO x absorbent 
9 in the form of sulfate such as BaS0 4 . Therefore, S0 3 
formed by the oxidizing catalyst 5 and passing through 
the DPF 7 is absorbed (collected) by the NO x absorbent 
9 in this embodiment. Namely, sulfate S0 3 in the ex- 
haust gas, as well as NO generated by the combustion 
of the carbon particles, is removed from the exhaust gas 
by the NO x absorbent 9. 

[0043] S0 3 absorbed in the NO x absorbent 9 is also 
released when the air-fuel ratio of the exhaust gas be- 
comes rich by the same mechanism as that which re- 
leases NO x . However, since the sulfate formed in the 
NO x absorbent is more stable than the nitrate formed 
by NO x , a temperature higher than the normal regener- 
ating operation of the NO x absorbent is required to re- 
lease sulfate from the absorbent. Therefore, if the nor- 
mal regenerating operation in which only the air-fuel ra- 
tio of the exhaust gas is enriched is conducted, sulfate 
is not release from the absorbent. This causes accumu- 
lation of the S0 3 in the NO x absorbent 9, and eventually, 
causes saturation of NO x absorbent 9 with S0 3 . If the 
saturation of NO x absorbent 9 with the absorbed S0 3 
occurs, the absorbing capacity of the NO x absorbent for 
both S0 3 and NO x decreases largely. Therefore, the 
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NO x absorbent 9 is regenerated at a exhaust gas tem- 
perature higher than that in the normal regenerating op- 
eration during the regenerating operation of the DPF 7 
to release sulfate, as well as NOx, ^ rom tne NO x absorb- 
ent 9. By regenerating the NO x absorbent 9 at a high 5 
exhaust gas temperature, S0 3 absorbed in the absorb- 
ent is released in the form of S0 2 and thereby, the ab- 
sorbing capability of the NO x absorbent 9 is maintained. 
[0044] Next, actual regenerating operations of the 
DPF 7 and NO x absorbent 9 are explained with refer- 10 
ence to Figs. 2 through 4. 

[0045] Figs. 2 through 4 are flowcharts explaining em- 
bodiments of routines performed by the control circuit 
20 for controlling regenerating operations of the DPF 7 
and NO x absorbent 9. * 5 

[0046] Fig. 2 is a routine for conducting the regener- 
ating operations of the DPF 7 and NO x absorbent 9. This 
routine is performed at regular intervals. In Fig. 2, at step 
201 , it is determined whether a value of a flag ADPF is 
set to 1 . ADPF is a regenerating flag of the DPF 7, and 20 
the value thereof is set to 1 by the routine in Fig. 3 when 
the conditions for conducting the regenerating operation 
of the DPF 7 are satisfied. If ADPF = 1 at step 201 , since 
the regenerating operation of the DPF 7 is required, the 
routine executes step 203 to close the intake shutter 25 
valve 6 to a predetermined degree of opening and to 
activate the electric heater 5a of the oxidizing catalyst 
5. After executing step 203, the routine determines at 
step 205 whether the value of a flag ANOX is set to 1 . 
ANOX is a regenerating flag of the NO x absorbent 9. 30 
Similarly to the flag ADPF, the value of the flag ANOX 
is set to 1 in the routine in Fig. 3 when the conditions for 
conducting the regenerating operation of the NO x ab- 
sorbent 9 are satisfied. 

[0047] If ANOX * 1 at step 205, i.e., if only the condi- 35 
tions for conducting the regenerating operation of the 
DPF 7 are satisfied, and the conditions for conducting 
the regenerating operation of the NO x absorbent 9 are 
not satisfied, the routine proceeds to step 207 to calcu- 
late the required additional fuel injection amount TAU21 *o 
in accordance with the engine speed and the accelera- 
tor signal (i.e., the amount of depression of the acceler- 
ator pedal). The additional fuel injection amount TAU21 
represents the amount of fuel injected during the ex- 
haust cycle of each cylinder in addition to the normal 45 
fuel injection during the compression cycle. TAU21 is 
determined in such a manner that the air-fuel ratio of the 
exhaust gas becomes a predetermined lean value (for 
example, about 20). More specifically, at step 207, an 
intake air amount Q is determined in accordance with so 
the degree of opening of the intake shutter valve 6 and 
the engine speed, and the normal fuel injection amount 
TAU is determined in accordance with the engine speed 
and the accelerator signal, then the value of TAU21 is 
determined in accordance with Q and TAU so that the 55 
air-fuel ratio of the exhaust gas becomes a predeter- 
mined lean value (about 20) by the total amount (TAU 
+ TAU21 ) of fuel injection. 
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[0048] At step 209, the value of the actual fuel injec- 
tion amount TAU2 of the additional exhaust cycle fuel 
injection is set to the value TAU21 calculated at step 
207. 

[0049] When the value of TAU2 is set to TAU21, an 
amount TAU21 of fuel is injected to each cylinder during 
its exhaust cycle by a fuel injection routine (not shown) 
processed by the control circuit 20, and a total amount 
TAU + TAU21 of fuel is supplied to each cylinder in a 
cycle. Thus, the air-fuel ratio of the exhaust gas dis- 
charged from the cylinders becomes a lean value of 
about 20. 

[0050] In this case, since the intake shutter valve 6 is 
closed, and since the amount of fuel supplied to the cyl- 
inders is increased by the amount TAU21, a lean air-fuel 
ratio exhaust gas having temperature higher than the 
normal temperature, and containing a relatively large 
amount of N0 2 generated by the oxidizing catalyst 5, 
flows into the DPF 7. Therefore, the carbon particles col- 
lected by the DPF 7 are burned by N0 2 in the exhaust 
gas, i.e., the DPF 7 is regenerated. Further, NO gener- 
ated by the combustion of carbon particles is absorbed 
by the NO x absorbent 9. 

[0051] On the other hand, if ANOX = 1 at step 205 in 
Fig. 2, i.e., if the conditions for regenerating the NO x 
absorbent 9, as well as the conditions for regenerating 
the DPF 7, are satisfied, the routine executes step 215 
to calculate the additional fuel injection amount TAU22 
based on the engine speed and the accelerator signal 
in the manner similar to that in step 207. However, in 
this case, the value of TAU22 is determined so that the 
air-fuel ratio of the exhaust gas becomes a predeter- 
mined rich value (for example, an air-fuel ratio of about 
13). After calculating the required additional fuel injec- 
tion amount TAU22, the actual value of the additional 
fuel injection amount TAU2 is set to TAU22 at step 217 
and, thereby, the air-fuel ratio of the exhaust gas dis- 
charged from the cylinders becomes a predetermined 
rich value (about 13, in this embodiment). In this case, 
since the intake shutter valve 6 is closed, and since the 
amount of fuel supplied to the cylinders are largely in- 
creased, a rich air-fuel ratio exhaust gas having a higher 
temperature than that in the normal regenerating oper- 
ation of the DPF 7, and containing a relatively large 
amount of HC and CO flows into the DPF 7 and NO x 
absorbent 9. In this condition, since the amount of 0 2 
contained in the exhaust gas is very small, the regener- 
ation of the DPF 7 is temporarily interrupted. However, 
in this condition, since the NO x absorbent 9 is regener- 
ated by this rich air-fuel ratio exhaust gas having a high 
temperature, sulfate as well as NO x in the NO x absorb- 
ent 9 is released from the absorbent. Thus, the NO x ab- 
sorbent 9 is completely regenerated, and the absorbing 
capability of the NO x absorbent 9 is completely re- 
sumed. 

[0052] If ADPF * 1 at step 201 in Fig. 2, i.e., if the 
conditions for conducting regenerating operation are not 
satisfied, the routine executes step 211 to open the in- 
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take shutter valve 6 and to deactivate the electric heater 
5a. Then, at step 21 3, it is determined whether the value 
of ANOX is set to 1 . If ANOX = 1 at step 213, i.e., if the 
conditions for conducting the regenerating operation of 
the NO x absorbent 9 are satisfied while the conditions 
for conducting the regenerating operation of the DPF 7 
are not satisfied, the value TAU22 is calculated at step 
215, and the actual value of the additional fuel injection 
amount TAU2 is set to the calculated value TAU22 at 
step 217. In this case, since the intake shutter valve 6 
is opened, and since the electric heater 5a is deactivat- 
ed, a rich air-fuel ratio exhaust gas having a relatively 
low temperature flows into the DPF 7 and NO x absorb- 
ent 9. Therefore, DPF 7 is not regenerated. Further, the 
NO x absorbent 9 is partially regenerated, i.e., sulfate in 
the NO x absorbent 9 is not released, although NO x ab- 
sorbed in the NO x absorbent 9 is released and reduced. 
[0053] If ANOX * 1 at step 213 in Fig. 2, i.e., if both 
the conditions for conducting the regenerating opera- 
tions of DPF 7 and the NO x absorbent 9 are not satis- 
fied, the actual value of the additional fuel injection 
amount TAU2 is set to 0 at step 219. Therefore, in this 
case, only the normal fuel injection during the compres- 
sion cycle is conducted, and the air-fuel ratio of the ex- 
haust gas becomes largely lean. 
[0054] As explained above, in this embodiment, the 
following three kinds of regenerating operations are 
conducted by the control circuit 20. Namely, when only 
the conditions for conducting the regenerating operation 
of the DPF 7 are satisfied, the temperature of the ex- 
haust gas is raised by the intake shutter valve 6 and the 
electric heater 5a, and the air-fuel ratio of the exhaust 
gas is decreased to a lean air-fuel ratio of about 20 by 
the additional fuel injection. Thus, only the DPF 7 is re- 
generated, and NO generated from the DPF 7 and N0 2 
passing through the DPF 7 are absorbed by the NO x 
absorbent 9 and removed from the exhaust gas. 
[0055] When both the conditions for conducting the 
regenerating operations of the DPF 7 and NO x absorb- 
ent 9 are satisfied, the temperature of the exhaust gas 
is further raised by the intake shutter valve 6 and by in- 
creasing the amount of the additional fuel injection, and 
the air-fuel ratio of the exhaust gas is further decreased 
(enriched) to a rich air-fuel ratio of about 13. Thus, the 
NO x absorbent 9 is regenerated completely by a rich 
and high temperature exhaust gas and, thereby, sulfate 
absorbed in the NO x absorbent 9 is released. 
[0056] On the other hand, when only the conditions 
for conducting the regenerating operation of the NO x 
absorbent 9 are satisfied, the air-fuel ratio of the exhaust 
gas is decreased to a rich air-fuel ratio of about 13 by 
the additional fuel injection while keeping the intake 
shutter valve 6 open. Therefore, a relatively low temper- 
ature exhaust gas of a rich air-fuel ratio flows into the 
NO x absorbent 9, and NO x in the absorbent is released 
and reduced. However, in this condition, sulfate in the 
NO x absorbent 9 is not released from the absorbent. 
[0057] Next, determination of the conditions for con- 



ducting the regenerating operations of the DPF 7 and 
NO x absorbent 9 is explained. Fig. 3 is a flowchart illus- 
trating a routine for determining the conditions for con- 
ducting the regenerating operations. This routine is 

5 processed by the control circuit 20 at predetermined 
regular intervals. In this routine, the flags ADPF and AN- 
OX are set to 1 when the respective conditions for con- 
ducting the regenerating operation are satisfied. 
[0058] In Fig. 3, steps 301 through 307 are steps for 

10 setting the value of ADPF. 

[0059] In this embodiment, a cumulative value of the 
amount of fuel supplied to the engine 1 is calculated, 
and regenerating operations of the DPF 7 is conducted 
when the cumulative value reaches predetermined val- 

15 ue. It is considered that the amount of the carbon parti- 
cles discharged from the engine is approximately pro- 
portional to the amount of fuel burned in the engine. 
Namely, the cumulative value of the fuel injection 
amount is considered to represents the amount of the 

20 carbon particles collected by the DPF 7. Therefore, in 
this embodiment, it is considered that the amount of car- 
bon particles collected by the DPF 7 reaches a prede- 
termined value when the cumulated value of the fuel in- 
jection amount reaches a predetermined value. Namely, 

25 when the cumulative value of the fuel injection amount 
reaches a predetermined value, the flag ADPF is set to 
1 in order to conduct the regenerating operation of the 
DPF 7. 

[0060] In Fig. 3, counters FD and FN are used as pa- 

30 rameters which represent the cumulative value of the 
fuel injection amount. The values of the counters FD and 
FN are set by the routine in Fig. 4. The routine in Fig. 4 
is processed by the control circuit 20 at a predetermined 
regular intervals, and increases the values of the 

35 counters FD and FN by the amount TAU (fuel injection 
amount in the normal operation of the engine) every time 
the routine is processed (steps 401 through 405 in Fig. 
4). Therefore, the values of the counters FD and FN cor- 
respond to the cumulative value of the fuel injection 

40 amount TAU. 

[0061] In Fig. 3, at step 301 , it is determined whether 
the value of a counter FD exceeds a predetermined val- 
ue FD 0 . If FD > FD 0 at step 301 , the value of the flag 
ADPF is kept at 1 for a predetermined time. Namely, if 

45 FD > FD 0 at step 301, the value of a counter TD is in- 
creased by 1 at step 307, and the value of the flag ADPF 
is kept at 1 until the value of the counter TD exceeds a 
predetermined value TD 0 at steps 309 and 313. When 
the value of the counter TD becomes larger than TD 0 , 

50 the value of the counter FD is cleared at step 311, there- 
by, when the routine is next processed, steps 303 and 
305 are executed to clear the value of the counter TD 
and to set the value of the flag ADPF to 0. Therefore, by 
executing steps 301 through 313, the regenerating op- 

55 eration of the DPF 7 in which the intake shutter valve 6 
is closed and the additional fuel injection is performed 
is conducted by the routine in Fig. 2 for a predetermined 
time (TD 0 ) every time the cumulative value of the fuel 
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injection amount reaches a predetermined value (FD 0 ). 
[0062] The value FD 0 in step 301 is the amount of the 
carbon particles accumulated in the DPF 7 at which the 
regenerating operation should be conducted, and the 
value TD 0 is the time required for the regenerating op- 
eration vary in accordance with type and size of DPF 7. 
It is preferable to determine the actual values of FD 0 and 
TD 0 by experiment using an actual DPF. In this embod- 
iment, for example, FD 0 is set to a value corresponding 
to six liters of fuel, and TD 0 is set to a value correspond- 
ing to 1 80 seconds of time. 

[0063] Steps 315 through 327 in Fig. 3 are steps for 
setting the value of the flag ANOX. In this embodiment, 
similarly to the flag ADPF, the flag ANOX is set to 1 when 
the cumulative value FN reaches a predetermined value 
FN 0 , and is kept at 1 for a predetermined time TN 0 (steps 
315 through 327). 

[0064] The amount of NO x generated by the engine 
1 is considered proportional to the amount of fuel burned 
in the engine. Therefore, the amount of NO x absorbed 
in the NO x absorbent 9 is also considered proportional 
to the cumulative value of the fuel injection amount. 
Therefore, in this embodiment, similarly to the regener- 
ating operation of the DPF 7, the regenerating operation 
of the NO x absorbent 9 is conducted every time the cu- 
mulative value of the fuel injection amount reaches a 
predetermined value. In steps 315 through 327, FN and 
TN are counters similar to the counters FD and TD, re- 
spectively, and FN 0 and TN 0 are predetermined thresh- 
old values similar to FD 0 and TD 0 , respectively. The ac- 
tual values of FN and TN vary in accordance with type 
and size of NO x absorbent 9, and are preferably deter- 
mined by experiments using an actual NO x absorbent. 
In this embodiment, for example, FN 0 is set to a value 
corresponding 0.2 liters of fuel, and TN 0 is set to a value 
corresponding to 0.5 seconds of time. 
[0065] By executing steps 315 through 327, the re- 
generating operation of the NO x absorbent 9 in which 
the amount of the fuel supplied to the engine is in- 
creased by the additional fuel injection is conducted by 
the routine in Fig. 2 for a predetermined time every time 
the amount of NO x absorbed in the NO x absorbent 9 
reaches a predetermined value. Further, as explained 
in Fig. 2, the regenerating operation of the NO x absorb- 
ent 9 is conducted when the flag ANOX is set to 1 even 
when the regenerating operation of the DPF 7 is being 
carried out. Therefore, when the regenerating operation 
of the DPF 7 is being conducted, the NO x absorbent 9 
is regenerated by the exhaust gas of higher temperature 
than that in the normal regenerating operation and, 
thereby, the NO x absorbent 9 is regenerated complete- 
ly- 

[0066] Fig. 5 is a timing diagram of the regenerating 
operation of DPF 7 and the regenerating operation of 
the NO x absorbent 9. Fig. 5 shows a case in which a 
diesel engine having a displacement of 2400 cubic cen- 
timeter is operated at a speed 2000 RPM and an output 
torque 80 newton-meter. In this case, assuming that FD 0 
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is six liters and that FN 0 is 0.2 liters, the regenerating 
operation of the DPF 7 is repeated at intervals of about 
60 minutes, and the regenerating operation of the NO x 
absorbent 9 is repeated at intervals of about 2 minutes 

5 as shown in Fig. 5. 

[0067] Further, if the periods of the regenerating op- 
erations of the DPF 7 and NO x absorbent 9 (TD 0 and 
TN 0 ) are set to about 3 minutes and 0.5 seconds, re- 
spectively, the regenerating operation of the NO x ab- 

10 sorbent 9 is always conducted once or twice during the 
regenerating operation of the DPF 7 as shown in Fig. 5. 
Therefore, by setting the timing of the regenerating op- 
erations of the DPF 7 and NO x absorbent 9, the NO x 
absorbent 9 is regenerated periodically by the exhaust 

15 gas having a temperature higher than that of the normal 
regenerating operation and, thereby, S0 3 (sulfate) as 
well as NO x is released from the NO x absorbent 9 pe- 
riodically. Thus, the absorbing capacity of NO x absorb- 
ent 9 can be maintained at a high level. 

20 [0068] Though the additional fuel injection during the 
exhaust cycle is conducted during the regenerating op- 
erations in the above embodiment, the additional fuel 
may be supplied to the exhaust gas passage directly 
during the regenerating operations. In this case, an ad- 

25 ditional fuel injection valve is disposed in the exhaust 
gas passage upstream of the oxidizing catalyst 5, and 
the additional amount of fuel is injected into the exhaust 
gas passage upstream of the oxidizing catalyst 5. 
[0069] Further, though the timing of the regenerating 

30 operations is determined by estimating the amount of 
the carbon particles accumulated in the DPF 7 and the 
amount of NO x absorbed in the NO x absorbent 9, the 
control of the regenerating operation can be simplified 
by conducting the regenerating operations at regular in- 

35 tervals regardless of the amount of carbon particles in 
the DPF 7 and the amount of NO x in the NO x absorbent 
9. 

[0070] Next, another embodiment of the present in- 
vention is explained with reference to Fig. 6. Fig. 6 is a 

40 drawing similar to Fig. 1 which illustrates another exam- 
pie of a device for conducting the method in the present 
invention. In Fig. 6, reference numerals same as those 
in Fig. 1 also designate same elements as those in Fig. 
1 . The device in Fig. 6 is different from the device in Fig. 

45 1 jn that an NO x reducing catalyst 10 is disposed in the 
exhaust gas downstream of the DPF 7 instead of NO x 
absorbent 9 in Fig. 1. The NO x reducing catalyst 10 is 
a catalyst which is capable of reducing NO x in the ex- 
haust gas selectively even if the air-fuel ratio of the ex- 

50 haust gas is lean. Namely, though NO in the exhaust 
gas is removed by collecting it by the NO x absorbent 9 
in the previous embodiment, NO in the exhaust gas is 
directly reduced by the NO x reducing catalyst 10 in this 
embodiment. 

55 [0071] The NO x reducing catalyst 10 in this embodi- 
ment has a substrate made of, for example, zeolite 
ZSM-5, and metals such as copper Cu and iron Fe are 
attached to the substrate by an ion exchange method. 
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Alternatively, a substrate made of zeolite such as mor- 
denite and precious metal such as platinum Pt attached 
thereon can also be used as the NO x reducing catalyst 
10. The NO x reducing catalyst 10 selectively reduces 
NO x in the exhaust gas to N 2 when the air-fuel ratio of 5 
the exhaust gas is lean, by reacting HC and CO with 
NO x selectively. Namely, the NO x reducing catalyst 10 
traps HC and CO in the exhaust gas in the pores of the 
porous zeolite, and selectively reduces the NO x in the 
exhaust gas using trapped HC and CO even if the air- 10 
fuel ratio of the exhaust gas flowing into the NO x reduc- 
ing catalyst 10 is lean. 

[0072] Therefore, in this embodiment, N0 2 in the ex- 
haust gas generated by the oxidizing reducing catalyst 
10 and NO generated at DPF 7 during the regenerating *5 
operation is reduced effectively by the NO x reducing 
catalyst 10 disposed in the exhaust gas downstream of 
the DPF 7. However, in order to reduce NO x in the ex- 
haust gas effectively, it is required that a proper amount 
of HC and CO are trapped in the NO x reducing catalyst 20 
10. The air-fuel ratio of the exhaust gas of a diesel en- 
gine is considerably lean in the normal operation, and 
only a very small amount of HC and CO are contained 
in the exhaust gas. Therefore, when the normal lean air- 
fuel ratio operation of the diesel engine continues for a 25 
certain period, HC and CO trapped in the NO x reducing 
catalyst 10 are used up in reducing NO x in the exhaust 
gas and, thereby, the ability of the NO x reducing catalyst 
for reducing NO x becomes low. 

[0073] In order to prevent this problem, the air-fuel ra- 30 
tio of the exhaust gas is also lowered (enriched) period- 
ically in this embodiment. Namely, the control circuit 20 
performs routines similar to those in Figs. 2 through 4 
also in this embodiment, and controls the air-fuel ratio 
of the exhaust gas to a rich air-fuel ratio by conducting 35 
the additional fuel injection during the exhaust cycle of 
each cylinder. Similarly to the previous embodiment, fu- 
el injected during the exhaust cycle is oxidized by the 
oxidizing catalyst 5 and generates a relatively large 
amount of HC and CO in the exhaust gas. Therefore, a *o 
proper amount of HC and CO are accumulated 
(trapped) in the NO x reducing catalyst 10, and NO x in 
the exhaust gas is reduced by these HC and CO com- 
ponents when the normal operation of the engine is re- 
sumed. The routines processed by the control circuit 20 *5 
in this embodiment for conducting the regenerating op- 
eration of the DPF 7 and for accumulating HC and CO 
are substantially the same as the routines in Figs. 2 
through 4. Therefore, a detailed explanation thereof are 
not repeated here. so 
[0074] As explained above, in the present invention, 
the diesel particulates from the diesel engine are col- 
lected by, for example, a DPF, and burned by N0 2 in the 
exhaust gas. Further, NO generated by the reaction be- 
tween the carbon particles and N0 2 passing through the 55 
DPF 7 are removed from the exhaust gas by, for exam- 
ple, an NO x absorbent or an NO x reducing catalyst. 
Therefore, according to the present invention, the accu- 



713 B1 




mulated carbon particles can be easily removed from a 
DPF without increasing the amount of NO x released to 
the atmosphere. 

Claims 

1- A method for purifying the exhaust gas of a com- 
bustion engine (1) comprising: 

a step of oxidizing nitrogen monoxide in the ex- 
haust gas of said combustion engine (1) into 
nitrogen dioxide, thereby forming nitrogen diox- 
ide in the exhaust gas; 

a step of collecting carbon particles contained 
in the exhaust gas; 

a step of reacting nitrogen dioxide in the ex- 
haust gas formed by said oxidation of nitrogen 
monoxide with the collected carbon particles, 
thereby oxidizing the collected carbon particles 
by nitrogen dioxide in the exhaust gas and, at 
the same time, reducing nitrogen dioxide in the 
exhaust gas to nitrogen monoxide; 
a step of removing, via either an absorbent (9) 
or a reducing catalyst (10), nitrogen monoxide 
formed by the reaction between nitrogen diox- 
ide and the collected carbon particles from the 
exhaust gas; and 

a step of reacting nitrogen dioxide with the col- 
lected carbon by intermittently raising the ex- 
haust gas temperature. 

2. The method according to claim 1 , wherein said step 
of removing nitrogen monoxide from the exhaust 
gas comprises a step of collecting nitrogen monox- 
ide in the exhaust gas by contacting the exhaust gas 
with an absorbent capable of absorbing nitrogen 
monoxide in the exhaust gas. 

3. The method according to claim 1 , wherein said step 
of removing nitrogen monoxide from the exhaust 
gas comprises a step of reducing nitrogen monox- 
ide, in the exhaust gas, to nitrogen. 

4. The method according to any of claims 1-3, wherein 
said combustion engine (1 ) is a diesel engine (1). 

5. The method according to any of claims 1-4, wherein 
the air-fuel ratio of the exhaust gas is maintained at 
a lean air-fuel ratio when the exhaust gas temper- 
ature is raised. 

6. The method according to any of claims 1 , 2, 4 or 5, 
wherein an NO x absorbent (9) is employed in said 
step of removing nitrogen monoxide, S0 3 absorbed 
in said NO x absorbent being released therefrom as 
S0 2 when the exhaust gas temperature is raised. 
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7. An exhaust gas purification device that purifies the 
exhaust gas of a combustion engine (1 ), said device 
comprising: 

an oxidizing catalyst (5) that oxidizes nitrogen 
monoxide in the exhaust gas of said combus- 
tion engine (1) into nitrogen dioxide, thereby 
forming nitrogen dioxide in the exhaust gas; 
and 

filter means (7) that collect carbon particles 
contained in the exhaust gas; 
said device effecting a reaction of nitrogen di- 
oxide in the exhaust gas formed by said oxida- 
tion of nitrogen monoxide with the collected car- 
bon particles, thereby oxidizing the collected 
carbon particles by nitrogen dioxide in the ex- 
haust gas and, at the same time, reducing ni- 
trogen dioxide in exhaust gas to nitrogen mon- 
oxide; and further comprising: 

an absorbent (9) or reducing catalyst (10) 
that removes nitrogen monoxide formed by 
the reaction between nitrogen dioxide and 
the collected carbon particles from the ex- 
haust gas; and 

a heater (1 ) for intermittently raising the ex- 
haust gas temperature to react nitrogen di- 
oxide with the collected carbon; 
said filter means (7) being disposed down- 
stream from said oxidizing catalyst (5) and 
said absorbent (9) or reducing catalyst (1 0) 
being disposed downstream from said filter 
means (7). 

8. The exhaust gas purification device according to 
claim 7, wherein said absorbent (9) is capable of 
absorbing and collecting nitrogen monoxide in the 
exhaust gas. 

9. The exhaust gas purification device according to 
claim 7, wherein said reducing catalyst (10) re- 
moves nitrogen monoxide from the exhaust gas by 
reducing nitrogen monoxide in the exhaust gas to 
nitrogen. 

10. The exhaust gas purification device according to 
any of claims 7-9, wherein said combustion engine 
(1) is a diesel engine (1). 



the exhaust gas temperature is raised. 



Patentanspruche 

5 

1. Verfahren zum Reinigen des Abgases einer Ver- 
brennungskraftmaschine (1 ), umfassend: 

einen Schritt des Oxidierens von Stickstoff- 
*o monoxid im Abgas der Verbrennungskraftma- 

schine (1) zu Stickstoffdioxid, wodurch im Ab- 
gas Stickstoffdioxid gebildet wird; 

einen Schritt des Sammelns von im Abgas ent- 
*5 haltenen Kohlenstoffteilchen; 



einen Schritt des Umsetzens von durch die Oxi- 
dation des Stickstoffmonoxids gebildetem 
Stickstoffdioxid im Abgas mitden gesammelten 
Kohlenstoffteilchen, wodurch die gesammelten 
Kohlenstoffteilchen durch das Stickstoffdioxid 
im Abgas oxidiert werden und gleichzeitig im 
Abgas Stickstoffdioxid zu Stickstoffmonoxid re- 
duziert wird; 
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einen Schritt des Entfernens, entweder mittels 
eines Absorptionsmittels (9) oder eines Reduk- 
tionskatalysators (10), des durch die Umset- 
zung zwischen Stickstoffdioxid und den ge- 
30 sammelten Kohlenstoffteilchen gebildeten 

Stickstoffmonoxids aus dem Abgas; und 

einen Schritt des Umsetzens von Stickstoffdi- 
oxid mit dem gesammelten Kohlenstoff durch 
35 intermittierende Erhohung der Abgastempera- 

tur. 

2. Verfahren nach Anspruch 1 , wobei der Schritt des 
Entfernens von Stickstoffmonoxid aus dem Abgas 
40 einen Schritt des Sammelns von Stickstoffmonoxid 
im Abgas durch In-Beruhrung-Bringen des Abga- 
ses mit einem zur Absorption von Stickstoffmonoxid 
im Abgas befahigten Absorptionsmittel umfafit. 

45 3. Verfahren nach Anspruch 1 , wobei der Schritt des 
Entfernens von Stickstoffmonoxid aus dem Abgas 
einen Schritt des Reduzierens von im Abgas ent- 
haltenem Stickstoffmonoxid zu Stickstoff umfafit. 



11. The exhaust gas purification device according to 
any of claims 7-10, wherein the air-fuel ratio of the 
exhaust gas is maintained at a lean air-fuel ratio 
when the exhaust gas temperature is raised. 

12. The exhaust gas purification device according to 
any of claims 7, 8, 1 0 or 1 1 , wherein said absorbent 
(9) is an NO x absorbent, S0 3 absorbed in said NO x 
absorbent being released therefrom as S0 2 when 



50 4. Verfahren nach irgendeinem der Anspruche 1 bis 
3, wobei die Verbrennungskraftmaschine (1) ein 
Dieselmotor (1) ist. 

5. Verfahren nach irgendeinem der Anspruche 1 bis 
55 4, wobei das Luft/Kraftstoff-Verhaltnis des Abgases 
im Bereich eines mageren Luft/Kraftstoff-Verhalt- 
nisses gehalten wird, wShrend die Abgastempera- 
tur erhoht wird. 
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6. Verfahren nach irgendeinem der Anspruche 1,2,4 
oder 5, wobei ein NO x -Absorptionsmittel (9) beim 
Schritt des Entfernens von Stickstoffmonoxid ein- 
gesetzt wird und S0 3 , welches im NOx-Absorpti- 
onsmittel absorbiert ist, aus diesem als S0 2 freige- 
setzt wird, wahrend die Abgastemperatur erhoht 
wird. 

7. Abgasreinigungsvorrichtung zur Reinigung des Ab- 
gases einer Verbrennungskraftmaschine (1), wel- 
che umfafSt: 

einen Oxidationskatalysator (5), welcher Stick- 
stoffmonoxid im Abgas der Verbrennungskraft- 
maschine (1) zu Stickstoffdioxid oxidiert, wo- 
durch im Abgas Stickstoffdioxid gebildet wird; 
sowie 

Filtermittel (7), welche die im Abgas enthalte- 
nen Kohlenstoffteilchen sammeln; 

wobei die Vorrichtung eine Umsetzung von 
durch die Oxidation von Stickstoffmonoxid ge- 
bildetem Stickstoffdioxid im Abgas mit den ge- 
sammelten Kohlenstoffteiichen bewirkt, wo- 
durch die gesammelten Kohlenstoffteilchen 
durch das Stickstoffdioxid im Abgas oxidiert 
werden und gleichzeitig im Abgas Stickstoffdi- 
oxid zu Stickstoffmonoxid reduziert wird; und 
welche weiter umfalM: 

ein Absorptionsmittel (9) oder einen Re- 
duktionskatalysator (10) zum Entfernen 
des durch die Umsetzung zwischen Stick- 
stoffdioxid und den gesammelten Kohlen- 
stoffteilchen gebildeten Stickstoffmon- 
oxids aus dem Abgas; und 

eine Heizvorrichtung (1) zur intermittieren- 
den Erhohung der Abgastemperatur zur 
Umsetzung von Stickstoffdioxid mit dem 
gesammelten Kohlenstoff; 

wobei die Filtermittel (7) stromabwarts vom 
Oxidationskatalysator (5) angeordnet sind 
und das Absorptionsmittel (9) oder der Re- 
duktionskatalysator (10) stromabwarts von 
den Filtermitteln (7) angeordnet ist. 

8. Abgasreinigungsvorrichtung nach Anspruch 7, wo- 
bei das Absorptionsmittel (9) zum Absorbieren und 
Sammeln von Stickstoffmonoxid im Abgas befahigt 
ist. 

9. Abgasreinigungsvorrichtung nach Anspruch 7 t wo- 
bei der Reduktionskatalysator (10) Stickstoffmon- 
oxid aus dem Abgas durch Reduzieren von im Ab- 
gas enthaltenem Stickstoffmonoxid zu Stickstoff 



entfernt. 

10. Abgasreinigungsvorrichtung nach irgendeinem der 
Anspruche 7 bis 9, wobei die Verbrennungskraft- 

5 maschine (1 ) ein Dieselmotor (1 ) ist. 

11. Abgasreinigungsvorrichtung nach irgendeinem der 
Anspruche 7 bis 10, wobei das Luft/Kraftstoff-Ver- 
haltnis des Abgases im Bereich eines mageren 

10 Luft/Kraftstoff-Verhaltnisses gehalten wird, wah- 
rend die Abgastemperatur erhoht wird. 



12. Abgasreinigungsvorrichtung nach irgendeinem der 
Anspruche 7, 8, 10 oder 11 , wobei das Absorptions- 
mittel (9) ein NO x -Absorptionsmittel ist und S0 3 , 
welches im IMO x -Absorptionsmittel absorbiert ist, 
aus diesem als S0 2 freigesetzt wird, wahrend die 
Abgastemperatur erhoht wird. 
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Revendications 

1. Un procede pour epurer les gaz d'echappement 
d'un moteur a combustion (1 ) comprenant : 



25 



une etape d'oxydation du monoxyde d'azote 
dans les gaz d'echappement dudit moteur a 
combustion (1 ) en dioxyde d'azote, de maniere 
3 former du dioxyde d'azote dans les gaz 

30 d'echappement ; 

une etape de collecte des particules de carbo- 
ne contenues dans les gaz d'echappement ; 
une etape de reaction du dioxyde d'azote dans 
les gaz d'echappement forrnee par ladite oxy- 

35 dation du monoxyde d'azote avec les particules 

de carbone collectees, de maniere & oxyder les 
particules de carbone collectees par le dioxyde 
d'azote dans les gaz d'echappement et, en me- 
me temps, a reduire le dioxyde d'azote dans les 

40 gaz d'echappement en monoxyde d'azote ; 

une 6tape d'entevement hors des gaz d'echap- 
pement, via soit un absorbant (9), soit un cata- 
lyseur r6ducteur (1 0), du monoxyde d'azote for- 
ms par la reaction entre le dioxyde d'azote et 

45 les particules de carbone collectees ; et 

une 6tape de reaction du dioxyde d'azote avec 
le carbone collecte en faisant augmenter par 
intermittence la temperature des gaz d'echap- 
pement. 

50 

2. Le procede selon la revendication 1 . dans lequel la- 
dite etape d'enlevement du monoxyde d'azote des 
gaz d'echappement comporte une 6tape de collecte 
du monoxyde d'azote dans les gaz d'echappement 
55 en mettant en contact les gaz d'echappement avec 
un absorbant capable d'absorber le monoxyde 
d'azote dans les gaz d'echappement. 
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3. Le procede selon la revendication 1 , dans lequel la- 
dite etape d'enievement du monoxyde d'azote hors 
des gaz d'echappement comporte une etape de re- 
duction du monoxyde d'azote, dans les gaz 
d'echappement, en azote. 

4. Le procede selon Tune quelconque des revendica- 
tions 1 a 3, dans lequel (edit moteur a combustion 
(1) est un moteur Diesel (1). 

5. Le procede selon Tune quelconque des revendica- 
tions 1 d 4, dans lequel le rapport air-carburant des 
gaz d'echappement est maintenu £ un rapport air- 
carburant pauvre lorsque la temperature des gaz 
d'echappement est augmentee. 

6. Le procede selon I'une quelconque des revendica- 
tions 1 , 2, 4 ou 5, dans lequel un absorbant de NO x 
(9) est employ^ dans ladite etape d'enievement du 
monoxyde d'azote, le S0 3 absorbe dans (edit ab- 
sorbant de NO x en etant libere sous la forme de S0 2 
lorsque la temperature des gaz d'echappement est 
augmentee. 

7. Un dispositif depuration des gaz d'echappement 
qui epure les gaz d'echappement d'un moteur £ 
combustion (1 ), ledit dispositif comprenant : 

un catalyseur oxydant (5) qui oxyde le monoxy- 
de d'azote dans les gaz d'echappement dudit 
moteur a combustion (1 ) en dioxyde d'azote, de 
maniere a former du dioxyde d'azote dans les 
gaz d'echappement ; et 
des moyens de filtre (7) qui collectent les par- 
ticules de carbone contenues dans les gaz 
d'echappement ; 



bant (9) ou catalyseur reducteur (10) etant dis- 
pose en aval desdits moyens de filtre (7). 

8. Le dispositif depuration de gaz d'echappement se- 
5 Ion la revendication 7, dans lequel ledit absorbant 

(9) est capable d'absorber et de collecter le mo- 
noxyde d'azote dans les gaz d'echappement. 

9. Le dispositif depuration des gaz d'echappement 
10 selon la revendication 7, dans lequel ledit cataly- 
seur reducteur (10) enieve le monoxyde d'azote des 
gaz d'echappement en reduisant le monoxyde 
d'azote, dans les gaz d'echappement, en azote. 

is 10. Le dispositif d'epuration des gaz d'echappement 
selon Tune quelconque des revendication s 7 £ 9, 
dans lequel ledit moteur £ combustion (1) est un 
moteur Diesel (1). 

20 11. Le dispositif d'epuration des gaz d'echappement 
selon I'une quelconque des revendications 7 a 10, 
dans lequel le rapport air-carburant des gaz 
d'echappement est maintenu £ un rapport air-car- 
burant pauvre lorsque la temperature des gaz 

25 d'echappement est augmentee. 

12. Le dispositif d'epuration des gaz d'echappement 
selon I'une quelconque des revendications 7, 8, 10 
ou 11 , dans lequel ledit absorbant (9) est un absor- 
30 bant de NO x , le S0 3 absorbe dans ledit absorbant 
de NO x en etant libere sous la forme de S0 2 lorsque 
la temperature des gaz d'echappement est aug- 
mentee. 
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ledit dispositif effectuant une reaction du dioxyde 
d'azote dans les gaz d'echappement forme par la- 
dite oxydation du monoxyde d'azote, avec les par- 40 
ticules de carbone collectees, de maniere £ oxyder 
les particules de carbone collectees par le dioxyde 
d'azote dans les gaz d'echappement, et, en meme 
temps, £ reduire le dioxyde d'azote dans les gaz 
d'echappement en monoxyde d'azote ; et compre- 45 
nant en outre : 



un absorbant (9) ou un catalyseur reducteur 
(10) qui enieve des gaz d'echappement le mo- 
noxyde d'azote forme par la reaction entre le so 
dioxyde d'azote et les particules de carbone 
collectees ; et 

un organe de chauffage (1 ) pour eiever par in- 
termittence la temperature des gaz d'echappe- 
ment pour faire r6agir le dioxyde d'azote avec 55 
le carbone collecte ; 

lesdits moyens de filtre (7) etant disposes en 
aval dudit catalyseur oxydant (5) et ledit absor- 
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